In the current study, a new model for micro-scale cooling systems is presented. The small-scale refrigerator is modeled by engraving channels and a micro nozzle on the sides of a rectangular glass. The system has the capability to reduce the temperature from 300K to 80 in 5 seconds using nitrogen as the working fluid. The model consists of three elements, heat exchanger, nozzle and expansion tank and all the parts of the cooling system which is stationary. For this novel model, pressure drop through the channels and nozzle sections are presented and by using these information, temperature drop through the nozzle is obtained regarding the high Mach number at the throat of the convergencedivergence micro-nozzle. Due to the characteristics of this in-plane micro-nozzle, the heat exchange is modeled through the time in the glass, and temperature of the cooling system is also reported.
Introduction
Small-scale refrigerators are being widely used in cooling electronic components such as power intensive electronic component [1] [2] [3] [4] . These systems have the ability to significantly decrease the temperature through a small period of time.
In general, refrigerators using Joule-Thomson expansion can be classified depending on the shapes and designs. Miniature Joule-Thomson coolers with helical tube heat exchangers are one of the well-known models. Ng et al. [5] experimentally and numerically modeled a micro [9] present a single stage micro-scale cooler using adhesive bonding technique. In this model, the luid was cooled down to 100 K and 140 K when using nitrogen and methane, respectively. Cao et al. [10, 11 ] designed a new model for inplane micro coolers with two stages of heat transfer.
Three layers were used to produce this model and it had the capability to decrease the temperature up to 80 K using nitrogen as the working luid.
The inlet and outlet pressures of the gas were 100 atm and 1 atm, respectively. Little [12, 13] 
Microminiature Refrigerator Model
In this study, the micro-scale cooler is carved inside a double-layered square plate which is shown in Figure 1 . As shown, the model contains two main parts, heat exchanger and the nozzle which also contain an expansion tank where the cold fluid will be stored. Moreover, the nozzle is designed as shown in Figure 3 with the given dimensions. Afterward, there is a convergence-divergence nozzle as two connected cones with the highest radius 300 µm and lowest at the throat 50 µm making it possible to reach to Mach 1 at the throat. Then, the luid is expanded in the divergence nozzle and then, throttling occurs. This adiabatic expansion will cause a considerable temperature drop in the expansion tank which is attached to the divergence nozzle.
In the first step, the pressure-drop inside the system is studied. The inlet pressure is assumed to be 300 atm and the outlet pressure is 1 atm and accordingly, in Figure 4 , the pressure drop is illustrated. There are also two probes defined on the inlet and outlet sections of the nozzle part of the system to demonstrate the average pressure of these sections. From the results, the pressure at the entrance and the end of the nozzle will be 283.65 atm and 28.6 atm, respectively. is the inlet temperature of the nitrogen which, in this study, is assumed to be constant as 300 K. is the outlet temperature of the system which is unknown and it will vary through the time. seconds. From the results, it is seen that the temperature variation is considerable at the beginning of the operation and by decreasing the temperature its influence decreases. Figure 7 shows the average temperature of the gas in the entrance and exit sections of the nozzle. It is shown that after 5 seconds, temperature reaches to around 80 K with is about 220 K temperature decrement. 
